A series of 101 patients with Cushing's disease underwent transsphenoidal surgery. Diagnosis was fundamentally based on dynamic testing, mainly on the dosage-dependent suppression of cortisol after dexamethasone. The effect of surgery was monitored by intraoperative ACTH measurements. In 96 out of 101 patients a microadenoma of the pituitary was identified and removed selectively. In 74% of patients there was a clinical and endocrinological remission of Cushing's disease. Four 'operative failures' after selective adenomectomy underwent hypophysectomy in a second operation and each remitted. Thus the overall remission rate was 77%.
Introduction
In his classic study of the basophilic adenomas of the pituitary body, Cushing' built upon his original report2 to provide a precise clinical description ofthe new syndrome. He also drew attention to 'minute' pituitary adenomas in some of these cases as an autopsy finding3. Subsequent experience confirmed that in patients with pituitary-driven hyperadrenalism the pituitary adenomas usually were relatively small, but it emerged that basophilism ofthe adenoma was not a prerequisite ofACTH secretion4. Although Cushing initially championed the transsphenoidal approach, he himself never operated on a patient with the disease that now bears his name. Later, the establishment ofthe diagnosis ofthe cause ofcortisol oversecretion was advanced by Liddle5 and others6'7.
These workers described a regimen of dynamic endocrine testing, based upon the suppressibility of serum cortisol by dexamethasone, which could be used to differentiate Cushing's disease from other causes of Cushing's syndrome, such as the ectopic ACTH syndrome or adrenal neoplasms.
Experience has shown that in most patients the cause ofCushing's syndrome lies in the hypothalamopituitary axis, and that in the majority of patients it is due to a pituitary adenoma. The introduction of optical magnification systems for microsurgery and the development of new devices and instruments for microsurgical techniques8, led to the revival of the transsphenoidal surgical approach8"9. The discovery that microadenomas, defined as tumours less than 10 The secretion dynamics of cortisol and growth hormone were tested by insulin-induced hypoglycaemia. A growth hormone increase of more than 7 ng/ml was regarded as normal'0' 1. In order to monitor the effectiveness of the surgical procedure, pre-, intra-and postoperative ACTH measurements were performed in 86 patients. ACTH was determined by radioimmunoassay using the extraction method of Muller'2. The normal range was between 20 and 50 pg/ml. Endocrinological testing was repeated [5] [6] days after surgery, at 2-3 months and again at 6 months. Endocrinological remission was claimed only when the clinical signs and symptoms of Cushing's syndrome had remitted and a normal suppressibility of serum cortisol after low-dose (2 mg or 3 mg) dexamethasone overnight was documented or a secondary adrenocortical-insufficiency was present.
Responses ofACTH and cortisol to a bolus injection of 0.1 mg ovine CRF (Bachem, Switzerland) were tested in 20 patients preoperatively, all of whom were assessed again after surgery. Operative technique The transsphenoidal operation was carried out via a sublabial unilateral paraseptal midline approach, thus sparing the nasal mucosa. The patient was positioned supine with the surgeon sitting at the patient's head; this technique is a modification of Cushing's original method, and is more convenient than operating with the patient in a sitting position8. Microsurgery was used as soon as the vomer was exposed. Radiofluoroscopic control was employed to establish the correct site for the opening of the sella floor. The intrasellar space and the walls of the cavernous sinus were carefully and systematically explored in order not to miss parts of an adenoma. Alcoholic solutions were not used to treat the tumour bed.
In no case was subtotal hypophysectomy or resection of periadenomatous tissue performed. In 96 patients an adenoma was removed selectively. In 5 patients an adenoma could not be found; one had a total hypophysectomy performed. As soon as an adenoma was found and removed,'hydrocortisone was given intraoperatively in order to avoid relative acute adrenocortical failure. Usually the sella floor was closed by a fascia lata transplant. Nasal tamponade was inserted and removed about 24 hours later.
Results

Intraoperative findings and surgicalpathology
In 96 patients an adenoma of the pituitary was found during operation-and a selective adenomectomy attempted. In 5 patients an adenoma could not be detected. In one of these cases a hypophysectomy was performed at the first operation. Another patient, for whom information about ACTH levels was not available at the time of surgery, was later found to be suffering from Cushing's syndrome due to ectopic ACTH-secretion by a malignant tumour. Generally we recommended bilateral adrenalectomy either when an adenoma was not found or when the adenomectomy had failed to correct hypercortisolism.
In one patient not included in this series, abnormal dural venous sinus bleeding prevented exposure of the pituitary. This patient later had a bilateral adrenalectomy.
Eight patients underwent a secondtranssphenoidal operation. Four patients had a hypophysectomy after an unsuccessful initial selective adenomectomy. Four patients were operated upon again for recurrences of hypercortisolism, after an initially successful surgical procedure which had led to a normalization of cortisol secretion for a period. suppressibility of cortisol to below 2 gg/dl following 2 mg dexamethasone. A successful microadenomectomy customarily was followed by hypocortisolism, but this usually did not last longer than 6 months. Eight patients required cortisol substitution therapy for more than one year. One patient in whom a microadenoma was not found at operation had a total hypophysectomy performed. Four others had total hypophysectomy after an unsuccessful attempted adenomectomy. Except for one patient, who died following the second surgical procedure, hypercortisolism remitted in all these patients.
Five patients had a recurrence of Cushing's disease after a first transsphenoidal operation had been documented to be successful either by transient secondary adrenocortical-insufficiency or by normal cortisol suppression after low-dose dexamethasone (Figure 3) . Four of these patients had a second operation and in one another remission was achieved, but recently this patient has developed another recurrence.
Two patients died from unrelated causes 1.5 and 2 years respectively after surgery. All the other patients have no clinical or endocrinological evidence ofrecurrent hypercortisolism.
Twenty-one patients have been followed up for more than five years. The longest follow-up period is 14 years in one patient who still has no evidence of recurrent Cushing's disease. Eight pregnancies in 5 women occurred during follow up.
'Catch-up' growth or resumption of a normal growth rate was seen in 8 out of 11 juvenile patients with deficient growth prior to surgery. These functional results are the clinical evidence of the selectivity of the surgical procedure. Clinical and endocrinological remission occurred in 13 out of 14 (93%) children and adolescents operated on before the age of 17 years. Thus the results in juvenile patients were more favourable than in adults.
Generalized anterior pituitary deficiency was not observed in any of the patients who had selective adenomectomy (Figure 4 ), but was seen in all patients having hypophysectomy. Apart from secondary adrenocortical insufficiency, which occurred in most patients, but which had usually resolved by 6 months after operation, no other permanent damage of anterior pituitary function could be observed in those treated by selective adenomectomy.
In an attempt to establish criteria for predicting the prognosis after operation, 86 patients had ACTH levels measured peri-and postoperatively. A decrease to subnormal levels (< 10 pg/ml) was seen in 47 patients, all of whom had clinical remission initially. When there was only a moderate decrease of ACTH, so that it remained within the normal range postoperatively, only 13 out of 21 patients had normal regulation of cortisol following 2 mg dexamethasone. When ACTH levels did not fall much below the initial values or were still elevated (> 50 pg/ml) after surgery, only one out of 15 patients had normal regulation of cortisol secretion following insulin-induced hypoglycaemia and dexamethasone. However, in one patient who had a later recurrence of hypercortisolism, ACTH levels were subnormal for some days after operation but thereafter increased over a period of 6 months, indicating operative failure. Despite such exceptional cases, we feel that perioperative ACTH monitoring can be helpful in predicting the prognosis of operative therapy in ACTH-secreting microadenomas of the pituitary.
Lamberts et al."6 suggested that patients with
Cushing's disease whose cortisol was suppressed after acute administration of dopamine agonists had a poor response to transsphenoidal surgery. We tested the dopaminergic sensitivity of ACTH hypersecretion in 14 patients in this series, but found no correlation between the results of surgery and the response of ACTH to lisuride'7.
By contrast, the results of the CRF test seemed to correlate very well with perioperative ACTH levels. To date, 20 patients have been tested by evaluation of the ACTH and cortisol response to bolus injection of 0.1 mg ovine CRF (Figures 5 & 6) . Nine patients had subnormal ACTH levels postoperatively and an absent (n = 5) or a blunted response to CRF. All had a remission of hypercortisolism, the results of CRF testing showing adrenocortical failure. The CRF test revealed normal basal and stimulated ACTH levels in 4 patients postoperatively, one of whom was an operative failure.
Complications
There was only one death amongst patients having selective adenomectomy or negative sella exploration as the initial surgical procedure. In a total of 106 sella explorations of 101 patients, 2 patients died as a direct consequence of surgery. Both had pneumonia. One young patient died after an apparently successful endocrinologically selective adenomectomy: preoperatively he had suffered from the respiratory distress syndrome and obesity (106 kg), and one week after operation he developed pneumonia which was resistant to antibiotic treatment. The other patient died from pneumonia and meningitis after hypophysectomy performed as a second surgical procedure following an unsuccessful attempted microadenomectomy. These postoperative deaths may be attributed to the fact that we never refused to operate upon a patient, regardless of the severity of disease.
Plebothrombosis and pulmonary embolism were seen in 4 Patients with Cushing's disease have a higher mortality than those with other functioning microadenomas44"45. This is because of the lowered resistance and poor general condition in many cases. Nevertheless, the overall complication rate is low3 ,32,34,46-Therefore, a transsphenoidal operation, with the aim of a selective adenomectomy of a pituitary microadenoma, should be the first step in treatment as soon as *the diagnosis of central, ACTH-dependent, hypothalamo-pituitary Cushing's disease has been established.
